1. Introduction {#s0005}
===============

Inflammation plays a key role in the development and severity of the new coronavirus disease 2019 (COVID-19).[@bb0005] Indeed, severe COVID-19 pneumonia is related to systemic hyper-inflammation (or cytokine storm).[@bb0010] Serum C-reactive protein (CRP), interleukin-6 (IL-6) and ferritin have been recognized as strong predictors of the COVID-19 severity and mortality.[@bb0015], [@bb0020], [@bb0025] Diabetes is also considered as a significant risk factor for COVID-19 morbidity and mortality.[@bb0030] Indeed, a recent meta-analysis (83 studies, *n* = 78,874 hospitalized patients with confirmed COVID-19) reported that pre-existing diabetes almost doubled the risk for severe/critical COVID-19 \[*n* = 22 studies; odds ratio (OR) 2.10, 95% confidence interval (95%CI) 1.71--2.57\] and almost tripled in-hospital mortality (OR 2.68, 95%CI 2.09--3.44).[@bb0035] Similar results were reported in another meta-analysis (33 studies, *n* = 16,003 patients) for both COVID-19 severity (OR 2.75, 95%CI 2.09--3.62) and mortality (OR 1.90, 95%CI 1.37--2.64).[@bb0040] Furthermore, chronic, low-grade inflammation is associated with insulin resistance and hyperglycemia,[@bb0045], [@bb0050], [@bb0055] and inflammatory markers, such as CRP, IL-6 and ferritin, have been quantitatively related to HbA~1c.~ [@bb0060], [@bb0065], [@bb0070] This highlights the importance of achieving euglycemia in patients with diabetes, especially in the era of COVID-19.

Based on the above, it is relevant to establish whether antidiabetic therapies may reduce the inflammatory reaction, thus possibly minimizing the risk for COVID-19 development and severity. The present narrative review discusses the potential anti-inflammatory properties of certain antidiabetic drugs (*i.e.* metformin, pioglitazone, sitagliptin, linagliptin, vildagliptin, alogliptin, saxagliptin, liraglutide, dulaglutide, exenatide, lixisenatide, semaglutide, empagliflozin, dapagliflozin, canagliflozin), based mainly on available data from clinical studies and with a focus on CRP, IL-6 and ferritin.

1.1. Metformin {#s0010}
--------------

Metformin mechanism of action classically involves both AMP-activated protein kinase (AMPK)-independent and AMPK-dependent pathways.[@bb0075] In many studies, this drug has been shown to inhibit mitochondrial respiration as well as mitochondrial glycerophosphate dehydrogenase, leading to suppression of ATP production and hepatic gluconeogenesis, whereas AMPK activation enhances catabolic pathways generating ATP and switches off cellular processes consuming ATP.[@bb0075] ^,^ [@bb0080]

There is basic and clinical evidence for an anti-inflammatory action of metformin.[@bb0085] Metformin was also shown to suppress the secretion of proinflammatory cytokines in hepatocytes and macrophages.[@bb0090] Among 110 patients with type 2 diabetes mellitus (T2DM), those on metformin (*n* = 65) had significantly lower CRP levels compared with those on glibenclamide (*n* = 45) (5.6 *vs* 8.3 mg/dL, *p* = 0.01).[@bb0095] In another study, 208 T2DM patients were randomly assigned to metformin or placebo for 24 weeks; serum CRP levels were significantly decreased from 14.4 ± 0.6 to 9.6 ± 0.2 mg/L (*p* \< 0.001) in the metformin group, whereas they were unchanged in the placebo group (from 14.5 ± 0.6 to 15.8 ± 0.8 mg/L).[@bb0100] In the Diabetes Prevention Program (DPP), among metformin-treated T2DM men (*n* = 363) and women (*n* = 710), CRP was significantly reduced at 1 year (by 7%, *p* = 0.006 and by 14%, *p* \< 0.001, respectively).[@bb0105] However, others have reported no effects of metformin on CRP[@bb0110] or high-sensitivity CRP (hsCRP)[@bb0115] in T2DM patients. Previous meta-analyses also reported that metformin significantly reduced CRP in middle-age and older adults with chronic low-grade inflammation \[142 studies; 3247 patients; standardized mean difference (SMD): -0.16; 95%CI: −0.22 to −0.09, *p* \< 0.0001; I^2^ = 79.9%\],[@bb0120] as well as in women with polycystic ovary syndrome (17 studies; 403 women; SMD: -0.86; 95%CI: −1.24 to −0.48, *p* \< 0.0001; I^2^ = 84.6%).[@bb0125]

Data on the effects of metformin on IL-6 and ferritin are limited. Metformin was shown to inhibit IL-6 expression in mucosal cells of patients with inflammatory bowel disease.[@bb0130] Furthermore, metformin suppressed IL-1ß-induced release of IL-6 in human macrophages, vascular smooth muscle and endothelial cells.[@bb0135] Circulating IL-6 levels were reduced in a duration- and dose-dependent manner (*i.e.*, at a dose of 1000 mg q.d. for 1 year) after 12 months of metformin therapy in T2DM patients (*n* = 112).[@bb0140] Similarly, metformin (titrated up to 1500 mg q.d.) significantly lowered IL-6 (from 133 ± 68 to 114 ± 57 pg/mL, *p* \< 0.05) at 12 months in 36 T2DM patients.[@bb0145] In the same study, ferritin was also decreased (from 171 ± 23 to 164 ± 19 ng/mL, p \< 0.05) following metformin treatment.[@bb0145]

1.2. Pioglitazone {#s0015}
-----------------

Pioglitazone is a peroxisome proliferator-activated receptor (PPAR)-γ agonist that reduces insulin resistance by stimulating lipogenesis and suppressing lipolysis in the adipose tissue, as well as by decreasing hepatic triglycerides, visceral fat mass and activity, thus promoting peripheral insulin sensitivity.[@bb0150] ^,^ [@bb0155] Furthermore, pioglitazone enhances glucose uptake by the skeletal muscle and beta-cell function.[@bb0160]

In animal studies, the expression of IL-6 was suppressed in human monocytes[@bb0165] as well as in white adipose tissue and cardiomyocytes.[@bb0170] ^,^ [@bb0175] In 34 T2DM patients, pioglitazone therapy for 6 months significantly decreased circulating CRP levels (from 1.73 ± 1.30 to 1.23 ± 0.75 μg/mL, *p* \< 0.05); IL-6 levels were non-significantly reduced (from 1.78 ± 1.32 to 1.50 ± 0.97 pg/mL, *p* = ns).[@bb0180] Similarly, a previous meta-analysis reported that pioglitazone significantly lowered hsCRP levels (15 trials, *n* = 1448 T2DM patients; SMD = −0.54, 95%CI: −0.92 to −0.16, *p* \< 0.05; I^2^ = 90%) but not IL-6 (4 trials, *n* = 422 T2DM patients; SMD = −1.5, 95%CI: −3.08 to 0.07, *p* = 0.06). [@bb0185] No data exist on the impact of pioglitazone on ferritin.

1.3. Dipeptidyl peptidase-4 inhibitors (DPP4-i) {#s0020}
-----------------------------------------------

DPP4-i increase the endogenous levels of bioactive incretins, including glucagon-like peptide-1 (GLP-1) and gastric inhibitory polypeptide (GIP), by inhibiting their enzymatic degradation.[@bb0160] As a consequence, insulin secretion is enhanced in a glucose-dependent way, whereas glucagon secretion is suppressed.[@bb0160]

DPP4-i may exert immune regulatory functions, that are potentially beneficial in autoimmune and inflammatory diseases, as recently reviewed.[@bb0190] A recent meta-analysis (*n* = 1607 T2DM patients; 16 trials) reported a significant reduction in CRP levels following DPP4-i therapy compared with placebo (WMD: −0.86 mg/L; 95%CI: −1.36 to −0.36, *p* = 0.001; I^2^ = 84.4%).[@bb0195]

1.4. Sitagliptin {#s0025}
----------------

itagliptin (either 50 or 100 mg/day) has been reported to significantly decrease CRP levels in 67 newly diagnosed T2DM patients at 12 weeks (from 6.1 ± 1.0 to 3.3 ± 0.5 mg/L, *p* \< 0.05),[@bb0200] in 48 patients at 3 months (from 0.8 ± 0.1 to 0.5 ± 0.1 μg/L, *p* \< 0.05),[@bb0205] in 22 patients at 12 weeks (by 24%, *p* \< 0.05),[@bb0210] in 36 patients at 6 weeks (by 44.9%, *p* = 0.006)[@bb0215] and in 20 T2DM patients at 6 months \[from 1.60 (0.45--2.85) to 0.70 (0.35--1.25) mg/L, *p* \< 0.01\].[@bb0220] Furthermore, hsCRP was significantly reduced over 7 years of follow-up in T2DM patients treated with sitagliptin (100 mg/day) in combination with either metformin (*n* = 201; from 2.4 ± 0.9 to 1.8 ± 0.4 mg/L, *p* \< 0.05), pioglitazone (*n* = 196; from 2.5 ± 1.0 to 2.0 ± 0.6, *p* \< 0.05) or sulfonylureas (*n* = 194; from 2.3 ± 0.8 to 1.8 ± 0.3 mg/L, *p* \< 0.05).[@bb0225] Sitagliptin (100 mg/day)-induced CRP decrease was also reported elsewhere.[@bb0230] ^,^ [@bb0235] In contrast, the Sitagliptin Investigation on Glycemic Effects in Yokohama (SINGLE-Y) study, involving 270 T2DM patients, found that 3 months of sitagliptin (50 mg/day) did not affect hsCRP (from 0.12 ± 0.78 to 0.09 ± 0.10 mg/dL, *p* = ns).[@bb0240] Furthermore, no significant change in hsCRP was observed in another study of 205 T2DM patients treated with sitagliptin (25, 50, or 100 mg/day) for 12 months.[@bb0245] Similar results were reported in other studies using sitagliptin 50 or 100 mg/day.[@bb0250], [@bb0255], [@bb0260]

IL-6 levels were non-significantly decreased at 3 months among 24 sitagliptin-treated T2DM patients (from 3.5 ± 0.6 to 2.7 ± 0.3 pg/mL, *p* = ns),[@bb0205] whereas they were significantly lowered by sitagliptin in 22 T2DM patients at 12 weeks (by 24%, *p* \< 0.05),[@bb0210] as well as at 12 months (from 15.8 ± 6.2 to 12.8 ± 4.3 pg/mL, *p* = 0.03) in 31 T2DM patients.[@bb0265]

The impact of sitagliptin on ferritin has not been investigated. There is only one study involving 5 T2DM patients with major beta-thalassemia treated with sitagliptin; there was a trend of ferritin reduction in 4/5 patients.[@bb0270]

### 1.4.1. Linagliptin {#s0030}

Data on linagliptin and CRP are scarce. In one study, involving 21 T2DM patients on hemodialysis (HD), no change in CRP levels was found at 6 months after initiating linagliptin.[@bb0275] Similar results were reported among 35 T2DM patients undergoing HD receiving linagliptin for 3 months[@bb0280] and among 45 T2DM patients on linagliptin for 26 weeks.[@bb0285] Linagliptin was found to inhibit IL-6 production in human umbilical vein endothelial cells[@bb0290] and monocytes.[@bb0295] No relevant human studies are available. There is only one study investigating ferritin changes after 6 months of linagliptin therapy among 25 T2DM patients on HD, reporting no effect.[@bb0300]

### 1.4.2. Vildagliptin {#s0035}

Among 60 T2DM patients with coronary artery disease (CAD), 12-week vildagliptin therapy reduced hsCRP by 60%.[@bb0305] Similar effects were also reported in other studies.[@bb0310], [@bb0315], [@bb0320], [@bb0325], [@bb0330] Neutral studies also exist.[@bb0335] ^,^ [@bb0340]

In animal studies, vildagliptin was shown to attenuate the isoproterenol-induced increased mRNA expression of IL-6 in cardiomyocytes.[@bb0345] However, no change in IL-6 was observed following 12 weeks of vildagliptin therapy in 27 T2DM patients.[@bb0350] In contrast, another study found a significant decrease in IL-6 levels in vildagliptin-treated T2DM patients at 12 weeks (from 2.47 ± 0.52 to 1.54 ± 0.16 pg/mL, *p* \< 0.01).[@bb0355] No study has investigated the impact of vildagliptin on ferritin.

### 1.4.3. Alogliptin {#s0040}

Limited data exist on the effects of alogliptin on CRP or IL-6. No significant change in hsCRP levels were observed at 24 months following alogliptin treatment in the Study of Preventive Effects of Alogliptin on Diabetic Atherosclerosis (SPEAD-A) (*n* = 172 T2DM patients).[@bb0360] In animal models, alogliptin decreased IL-6,[@bb0365] ^,^ [@bb0370] as also shown in *in vitro* studies.[@bb0375] In humans, in the SPEAD-A study, IL-6 was significantly increased \[baseline = 2.1 (1.4, 2.7) ng/dL; median change 0.1 (−0.3, 0.7), *p* \< 0.05\] in alogliptin-treated T2DM patients followed for 24 months.[@bb0360] There are no data on ferritin and alogliptin.

### 1.4.4. Saxagliptin {#s0045}

In diabetic mice, saxagliptin was able to reduce serum CRP.[@bb0380] However, no impact on hsCRP was observed in saxagliptin-treated T2DM patients compared with placebo in the Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes Mellitus-Thrombolysis in Myocardial Infarction 53 (SAVOR-TIMI 53) trial.[@bb0385] Similarly, saxagliptin did not affect the secretion of IL-6 from adipocytes in 40 non-diabetic overweight/obese patients followed for 6 weeks.[@bb0390] No data on ferritin and saxagliptin exist.

1.5. Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) {#s0050}
----------------------------------------------------------

GLP-1 RAs promote insulin secretion by the beta-cells and inhibit glucagon secretion by the alpha-cells of the pancreas.[@bb0395] GLP-1 RAs also delay gastric emptying and suppress food intake.[@bb0395] GLP-1 RAs have been reported to exert anti-inflammatory properties *via* several molecular mechanisms, both *in vivo* and *in vitro* [@bb0400].

### 1.5.1. Liraglutide {#s0055}

Liraglutide has been reported to exert antioxidant and anti-inflammatory effects *in vitro* [@bb0405] ^,^ [@bb0410] as well as in T2DM patients[@bb0415] and in patients with non-ST-segment elevation myocardial infarction.[@bb0420] In this context, among 52 T2DM patients receiving liraglutide at a dose of 0.6--1.2 mg/day for 12 weeks, CRP was significantly decreased (by 0.89 ± 0.59 mg/L, *p* = 0.018).[@bb0425] Similar results were observed following liraglutide (1.2--1.8 mg/day) therapy for 24 weeks in T2DM patients.[@bb0430], [@bb0435], [@bb0440], [@bb0445] Of note, liraglutide-induced weight loss was related to improvements in circulating hsCRP levels in obese patients with prediabetes or T2DM.[@bb0450] In contrast, no significant changes in hsCRP were observed among 44 T2DM patients after 6 and 12 weeks of liraglutide (1.2 and 1.8 mg/day, respectively)[@bb0455] as well as among 165 T2DM after 14 weeks of liraglutide (0.65--1.9 mg/day).[@bb0460]

Liraglutide significantly reduced both circulating and hepatic levels of IL-6 in diabetic mice[@bb0465] as well as IL-6 expression in the hippocampus, suggesting protection against neuroinflammation.[@bb0470] In T2DM patients, a recent meta-analysis of 13 randomized controlled trials (*n* = 1187; follow-up ranged from 8 to 24 weeks), found that IL-6 concentrations were significantly lower \[mean difference (MD): -3.90; 95%CI: −5.03 to −2.76, *p* \< 0.00001\] in the liraglutide group (1.2 mg/day) compared with the controls in those with stage 3 diabetic nephropathy.[@bb0475] Similarly, liraglutide (1.2--1.8 mg/day) for 26 weeks led to a significant reduction in circulating IL-6 levels (−22.6%; 95%CI: −38.1, −3.2, *p* = 0.025) among 19 type 1 DM patients.[@bb0480] One study, however, reported no changes in IL-6 concentrations after 14 weeks of liraglutide (0.65--1.9 mg/day).[@bb0460]

Liraglutide (0.9 mg/day for 24 weeks) was shown to significantly decrease serum ferritin levels (from 158.9 ± 147.4 to 91.8 ± 69.9 ng/mL, *p* \< 0.01) in 19 T2DM patients with NAFLD/NASH based on liver biopsy in the LEAN-J study.[@bb0485] No other relevant data exist.

### 1.5.2. Dulaglutide {#s0060}

There are limited data on dulaglutide, CRP and IL-6. In one study, 755 T2DM patients were randomized to receive either dulaglutide once weekly (0.75 or 1.5 mg) or placebo; changes from baseline in hsCRP levels at 16 weeks were − 0.98, −0.08 and 0.62 mg/l for dulaglutide 1.5 mg (*p* \< 0.001 compared with placebo), dulaglutide 0.75 mg, and placebo, respectively.[@bb0490] In another smaller study, once weekly dulaglutide (0.75 mg in 8 T2DM patients and 1.5 mg in 5 patients) led to a significant reduction in serum IL-6 levels (from 1.42 ± 0.84 to 0.31 ± 0.23 pg/mL, *p* \< 0.001) at 26 weeks.[@bb0495] No study investigated the effects of dulaglutide on ferritin.

### 1.5.3. Exenatide {#s0065}

Exenatide reduced circulating markers of oxidative stress and inflammation in T2DM patients.[@bb0500] ^,^ [@bb0505] In 61 T2DM patients on exenatide (5 or 10 μg twice daily) for a mean of 1.4 years, circulating CRP levels decreased from 5.1 ± 1.7 to 2.7 ± 1.2 mg/L (*p* \< 0.001).[@bb0510] Similarly, serum hsCRP was lowered by 34% (*p* = 0.05) in 38 T2DM patients taking exenatide (5 μg twice per day) for a mean of 26 weeks.[@bb0515] In another study involving 23 T2DM patients (11 patients on placebo and 12 patients on exenatide 5 μg twice daily for 4 weeks, followed by 10 μg twice daily for 12 weeks), hsCRP was significantly reduced in the exenatide group (−37%) compared with placebo (+137%).[@bb0500] Exenatide therapy for 1 year also led to lower hsCRP levels (from 1.81 ± 0.25 to 1.30 ± 0.22 mg/L, *p* = 0.008) in 30 T2DM patients.[@bb0520]

Circulating IL-6 levels fell from 3.01 ± 0.49 to 2.07 ± 0.57 pg/mL (*p* \< 0.05) after 12 weeks of exenatide treatment (10 μg twice daily) in 12 T2DM patients.[@bb0525] In another study, 18 T2DM patients received exenatide for 3 months (5 μg twice daily for the first month, followed by 10 μg for the next 2 months); serum IL-6 concentrations were reduced from 15.69 ± 10.86 ng/mL at baseline to 10.76 ± 5.15 ng/mL at 3 months (*p* = 0.001).[@bb0530] No data on the effects of exenatide on ferritin are currently available.

### 1.5.4. Lixisenatide {#s0070}

Lixisenatide was reported to downregulate the expression of proinflammatory cytokines, including IL-6, in human fibroblast-like synoviocytes and in primary chondrocytes.[@bb0535] ^,^ [@bb0540] No human study evaluated the impact of lixisenatide on CRP, IL-6 and ferritin.

### 1.5.5. Semaglutide {#s0075}

In a 52-week weight management trial (*n* = 957 non-diabetic obese patients randomized to oral semaglutide 0.05--0.4 mg/day or placebo), hsCRP was reduced by up to 43% *vs* placebo in all semaglutide groups at week 52; these reductions were either significant or close to significance.[@bb0545] However, statistical significance was lost after adjustment for change in body weight.[@bb0545] In another 52-week randomized, open-label trial involving 412 T2DM patients on oral semaglutide 14 mg and 410 T2DM patients on empagliflozin 25 mg, greater decreases in CRP levels were observed at 52 weeks in the semaglutide than in the empagliflozin group (estimated treatment ratio: 0.74, 95%CI: 0.65, 0.84, *p* \< 0.0001).[@bb0550] No data exist on semaglutide, IL-6 and ferritin.

1.6. Sodium Glucose Co-Transporter-2 inhibitors (SGLT2i) {#s0080}
--------------------------------------------------------

SGLT2i inhibit the renal reabsorption of glucose, thus promoting renal glucose excretion and, subsequently, lowering plasma glucose levels.[@bb0555] ^,^ [@bb0560] Potential anti-inflammatory effects have been reported for SGLT2i[@bb0565].

### 1.6.1. Empagliflozin {#s0085}

Among 50 T2DM patients with CAD, empagliflozin 10 mg/day significantly lowered CRP at 6 months (from 0.11 to 0.07 mg/dL, *p* = 0.003).[@bb0570] Empagliflozin 10 mg/day for 12 months also notably reduced hsCRP by 54% (from 1.33 to 0.59 mg/L, *p* = 0.007) in 51 T2DM patients.[@bb0575] However, in another study with 58 T2DM patients receiving empagliflozin 25 mg/day for 6 weeks, no significant changes in hsCRP levels were found (2.10 ± 1.72 *vs* 1.99 ± 1.19 mg/L, baseline *vs* 6 weeks, respectively).[@bb0580]

Interestingly, empagliflozin was reported to decrease markers of oxidative stress and inflammation (including IL-6) in the lungs of mice, thus suggesting a role in preventing pulmonary fibrosis,[@bb0585] as well as in rat cardiomyoblasts (including reduction of IL-6 expression), thus potentially minimizing infarct size.[@bb0590] Similarly, in diabetic rats empagliflozin exhibited anti-oxidant and anti-inflammatory effects in the kidneys; urinary IL-6 levels were also lowered.[@bb0595] Overall, experimental data strongly support a protective role of empagliflozin against cardiac and renal inflammation.[@bb0600] ^,^ [@bb0605] However, clinical evidence is lacking. There is one study reporting that empagliflozin significantly reduced circulating IL-6 levels in 32 men T2DM patients; this IL-6-lowering effect of empagliflozin was greater than that of canagliflozin.[@bb0610]

In a large-scale proteomics study, empagliflozin 25 mg/day led to significant decreases in circulating ferritin levels after 4 weeks of treatment.[@bb0615] Furthermore, a sub-study of the EMPA-HEART CardioLink-6 randomized clinical trial, involving 82 T2DM patients with CAD, showed that 6 months of empagliflozin treatment (10 mg/day) was associated with a significant reduction in ferritin levels (mean difference − 21.83 μg/L, 95%CI: −37.96, −5.7; *p* = 0.008).[@bb0620]

### 1.6.2. Dapagliflozin {#s0090}

In animal studies, dapagliflozin was shown to exert anti-oxidant and anti-inflammatory actions in the kidney, liver and lungs.[@bb0625] ^,^ [@bb0630] There is also data supporting a CRP-lowering effect of dapagliflozin in humans.[@bb0635] In this context, dapagliflozin 10 mg/day combined with metformin significantly lowered CRP (from 6.2 ± 1.1to 3.1 ± 0.7 mg/L, *p* \< 0.05) in 59 T2DM patients at 12 weeks[@bb0130] as did dapagliflozin 5 mg/day after 12 weeks (from 2410 ± 2814 to 1607 ± 1960 ng/mL, *p* \< 0.01) in 27 T2DM patients.[@bb0640] In contrast, among 11 T2DM patients with non-alcoholic steatohepatitis, treatment with dapagliflozin 5 mg/day for 24 weeks led to a non-significant reduction in hsCRP.[@bb0645] Furthermore, another study reported a significant increase in median hsCRP levels in 36 T2DM patients treated with dapagliflozin (10 mg/day) for 12 weeks (from 1.93 to 6.03 mg/L, *p* = 0.009).[@bb0650]

In a randomized, placebo-controlled study (*n* = 32 T2DM patients), 8 weeks of dapagliflozin (10 mg/day) therapy led to a significant placebo-corrected reduction in IL-6 levels (by −1.87 pg/mL, *p* \< 0.05).[@bb0655] A *post-hoc* analysis of another randomized, double-blind, placebo-controlled trial involving 33 T2DM patients, found that urinary IL-6 excretion was significantly decreased by 23.5% (*p* = 0.04).[@bb0660]

With regard to ferritin, there are studies reporting that dapagliflozin 5 mg/day significantly decreased ferritin levels in T2DM patients with either NASH or non-alcoholic fatty liver disease (NAFLD).[@bb0645] ^,^ [@bb0665] Similarly, ferritin was significantly lowered after 12 weeks of dapagliflozin (10 mg/day) therapy in 26 obese T2DM patients.[@bb0670]

### 1.6.3. Canagliflozin {#s0095}

Among 100 T2DM patients treated with canagliflozin 300 mg/day for 52 weeks, there was a non-significant trend for a decrease in serum CRP levels.[@bb0675] Furthermore, no change was observed in serum CRP after 12 weeks of canagliflozin 100 mg/day therapy in 12 T2DM patients.[@bb0680] In contrast, hsCRP was significantly reduced from baseline at 3, 6 and 12 months of treatment (from 0.39 ± 0.07 to 0.20 ± 0.05, 0.20 ± 0.04 and 0.21 ± 0.04 ng/mL, respectively, *p* \< 0.05) in 35 T2DM patients with chronic heart failure treated with canagliflozin 100 mg/day.[@bb0685]

A proteomic model found that canagliflozin 300 mg/day significantly lowered plasma IL-6 concentrations (by 26.6%, *p* = 0.010).[@bb0690] Similar results were reported in animal studies.[@bb0695] ^,^ [@bb0700] However, in human studies no significant changes in IL-6 levels have been found following treatment with canagliflozin (100 mg/day, 24 weeks).[@bb0610] ^,^ [@bb0705] In contrast, canagliflozin 300 mg/day for 52 weeks was shown to significantly lower serum IL-6 (by 22%) in 100 T2DM patients.[@bb0675]

In a small study (9 T2DM patients), canagliflozin 100 mg/day for 12 weeks led to a significant decrease in median ferritin levels (from 72 to 55 ng/mL, *p* = 0.003).[@bb0710] Furthermore, serum ferritin concentrations were significantly and progressively lowered from baseline to 3 and 6 months (from 184.9 to 143.8 and 117.3 ng/mL, respectively, *p* \< 0.05) in 35 canagliflozin (100 mg/day)-treated NAFLD patients.[@bb0715] Similar results were also reported in T2DM patients with biopsy-proven NASH.[@bb0720] Of note, SGLT2i have been suggested for NAFLD/NASH treatment[@bb0725], [@bb0730], [@bb0735] as is the case for pioglitazone and GLP-1 RAs.[@bb0740] ^,^ [@bb0745]

Overall, diabetes has been closely linked to inflammation.[@bb0750] Furthermore, HbA~1c~ has been positively related to hsCRP, IL-6 and ferritin levels,[@bb0755], [@bb0760], [@bb0765], [@bb0770], [@bb0775] thus supporting also a role for euglycemia in reducing chronic inflammation in patients with diabetes. Apart from antidiabetic drugs, a healthy lifestyle (including diet, exercise and no smoking) can contribute to glucose and inflammation control.[@bb0780] ^,^ [@bb0785] Interestingly, HbA~1c~ level was positively associated with inflammation and hypercoagulability, as well as negatively associated with SaO2 in COVID-19 infected patients,[@bb0790] thus further highlighting the importance of achieving glucose control in the COVID-19 era.

1.7. Limitations of current evidence {#s0100}
------------------------------------

Despite the multitude of reports, the data here analyzed (summarized in [Table 1](#t0005){ref-type="table"} for the human studies) fall short of providing good evidence for a clinically significant anti-inflammatory effect of the most common antidiabetic classes of medication for several reasons. Firstly, studies were frequently small in size or detecting small differences. Secondly, many studies involved patients of Asian origin, without appropriate control for other ethnicities. Thirdly, studies of similar design yielded contrasting results for one or the other biomarker, or inconsistent findings across biomarkers. Finally, and perhaps more importantly, most studies did not control, or were not equipoised, for the anti-hyperglycemic effect, so that a *bona fide* pharmacologic effect of a given drug cannot be distinguished from a non-specific effect of improved glycemia.Table 1Summary of the effects of antidiabetic drugs on C-reactive protein, interleukin-6 and ferritin in human studies.Table 1

2. Conclusions {#s0105}
==============

With all these limitations, perhaps the most suggestive data are those on ferritin for the SGLT2 inhibitors, which may be related to enhanced erythropoiesis rather than tissues inflammation. In any event, large, multiethnic, equipoised trials would be required to determine whether certain antidiabetic drugs exert inherent anti-inflammatory properties above and beyond their antihyperglycemic efficacy; the latter remains decidedly useful in COVID-19 disease.
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